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What is it all about?

b4 Phase status ...
Phases ... General Constraints Predpitate
BCC_AZ2 .
CEMENTITE General | Sites

CEMEMTITE_PO
[] bulk (homogeneous)

[] dislocations

[ ] grain boundary (diff, geom.!)
[ ] grain boundary edge

[ ] grain boundary corner

[] subgrain boundary

[ ] subgrain boundary edge

[ ] subgrain boundary corner

#FEF warning ### no
nudeation sites defined 111

Create ... Remove

Help

Page = 2

MNudleation Structure Spedal

[ ] other precipitates

Add ...
Remove
® nucleate at predpitate surface
equiv. intf, energy 0.
ansfo adius  min 3.0e-9
max. |5.0e-9
nherit parent comp

Mudeation site effidency | 1.0
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What is it all about?

Consequences
Number of available nucleation sites
Interfacial energy model
Precipitate growth & coarsening = nucleation on grain boundaries

Special cases: Nucleation on/within precipitates
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Number of available nucleation sites

Nucleation rate - J~N,

J —Nucleation rate

N, — Number of nucleation sites

on x position

Available nucleation sites — bulk
N4 — Avogadro number

amet 1. — Molar volume

p — Dislocation density

Available nucleation sites — dislocations

Ngig= P(Np/Vin )1/3
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Number of available nucleation sites

Grain&subgrain boundaries — tetra(kai)decahedron concept

Strictly: Truncated octahedron

- d
thh — 8\/-2613
Sean = 6(1 + 2v/3)a?
Ltd h = 36a P :

Vian — Volume of the polygon
Stan — Total surface of the polygon

L;4n — Total edge length of the polygon

http://mathworld.wolfram.com/TruncatedOctahedron.html



MatCalc

Engineering

Number of available nucleation sites

Grain&subgrain boundaries — tetra(kai)decahedron concept

Strictly: Truncated octahedron

thh = 8\/-5613
_ dgr/sgr
Sean = 6(1 + 2v/3)a? ¢ =" 70
Ltdh = 36&

Vian — Volume of the polygon d 4 — Grain diameter

Stan — Total surface of the polygon dsgr — Subgrain diameter

L4, — Total edge length of the polygon
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Number of available nucleation sites

Grain&subgrain boundaries — tetra(kai)decahedron concept

Strictly: Truncated octahedron

d

gr/sgr d gy — Grain diameter
a =
Vian = 8\/5613 + 6a“H 10 dsgr — Subgrain diameter
D,.,. — Elongation factor for grains
Sean = 6(1 + 2V3)a? + 2a(2H + a) o
D, — Elongation factor for subgrains
Ltdh = 36a + 8H
— 2 2
Vian — Volume of the polygon B , dgr/sg‘r - dg‘r/sg‘r
S:qn — Total surface of the polygon H = Dgr/sgr o 5 I 5
\ \

L:4n, — Total edge length of the polygon
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Number of available nucleation sites

Predpitation domains ...

ferrite

Mew ...

Remove

Rename ...

Precipitation domains ...

General M3 Evalution

Mech. Props

Thermodynamic matrix phase ...

Solute trapping Special

» BN

BCC_A2 -
[Microstructure parameters ... || |
[equilibrium dislocation density [m-Z] | | S |

initial grain diameter [m] 100e-6 elongation factor | 1

imitial subgrain diameter [m] | 1e-6 elongation factor | 1

Burger's vector

automatic manual value [m] 2, 5e-11

Cancel OK

T

“hedron concept
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Iig’” — Grain diameter |

| dsgr — Subgrain diameterl

| D, — Elongation factor for grainsl

| D, — Elongation factor for subgrainsl

r

2
dg

r/sgr

5

— 2

2
dgr/sg‘r

\

5
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Number of available nucleation sites

Available nucleation sites — grain&subgrain boundaries

2/3
N L Stan [ Na
92880 T 2V, g, \Vim

Available nucleation sites — grain&subgrain boundary edges

1/3
= _ Ltan (Na
gbe/sgbe 3thh Vm

Available nucleation sites — grain&subgrain boundary corners
6

Vian

Ngbc/sgbc —



Number of available nucleation sites

,Nucleation site efficiency”
scales linearly the number

of available nucleation sites

Phases ...

FCC_ Al
FCC_A1#M
FCC_A1#02

EFCC_A1201_PD

FCC_Aa1=02_PO

Create ...

Help

Remowve

Phase status ...

General Constraints Precipitate Mudleation Structure
General Sites
[ ] bulk (homogeneous) [ ] other precipitates

dislocations
[] grain boundary {diff. geom.!)

[ ] grain boundary edge

[ ] grain boundary corner
[ ] subgrain boundary
[ ] subgrain boundary edge

[ ] subgrain boundary corner

diffusion geometry: random

distribution nherit parent com
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Spedial

L

Mudeation site efficency | 1.0

Cancel
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Interfacial energy model

Bulk & dislocations —> standard interfacial energy evaluation

Grain & subgrains (surface, edges, corners) 2 Clemm-Fisher model

Yaa
Ay Az ZyAB
Yag DYNES/CM K ) 18 {"‘*?;B DYNES/ CM a, b, C = f(COSH)
Y44 — Grain boundary energy (byAB — aVAA)
Yap — Precipitate/matrix interfacial Yer = §/3 67T C2

energy Clemm P.J., Fisher J.C., Acta Metall. 3 (1955) 70-73



Interfacial energy model

Bulk & dislocations = stan®

Grain & subgrains (surface,

DYNES /CM <~

Y

Y44 — Grain boundary energy

Yap — Precipitate/matrix interfacial

ener
Pageg-ylz

Predpitation domains ...

|ferrite

Mew ...

Remove

Rename ...

Precipitation domains ...

General Mech. Props MS Evolution

Diffusion contral Energies

Defects ...
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Solute trapping Special

I Grain boundary [1fmz] 0.5

Subgrain boundary [IjmZ] 0.3

Dislocations [1/m] 0.0

Stacking fault energy

automatic SFE manual [3/m2]
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Interfacial energy model

Grain & subgrains surfaces

a = (1l — cos?0)

7aB Y
e
b = 4n(1 — cosB)
A Az
2
¢ =—=m(2 — 3cosO + cos?0)
7aB 3

Clemm P.J., Fisher J.C., Acta Metall. 3 (1955) 70-73
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Interfacial energy model

Grain & subgrains edges
| @ a = 3B(1 — cos?8) — cosO+/ (3 — 4cos26)
Q ; [
b=12 (E —a — ,BCOSH)

c=2 (n — 2a + c0520+/ (3 — 4cos20) — Bcosh (3 — 60526))

, 1 cosf
a = arcsin f = arccos

2\/(1 — c0s40) \/3(1 — c0s40)

Clemm P.J., Fisher J.C., Acta Metall. 3 (1955) 70-73
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Interfacial energy model

Grain & subgrains corners

: K2 K2
a=3{2¢p(1—cos“8) —K| [1—cos?0 — —
o ) T

b =24 (g— ¢cosH — 5)

=2 4(” 5) + Kcoso | |1 29 KK, 0(3 20)
c= - cos cos T 7 ¢dcos cos
= . . K V2 — cosOV3 — K2
K = —\/(— — ZCOSZH) — = cos6 ¢ = arcsin > 6 = arccos
34/ \2 2 2,/ (1 — cos26) K/ (1 — cos20)

Clemm P.J., Fisher J.C., Acta Metall. 3 (1955) 70-73
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Interfacial energy model

4 Phase status ... ?

Phases ... General Constraints Predpitate Mucleation Structure Special
BCC_AZ General Site
CEMENTITE Hes
ECEM EMTITE PO ; Mucleation model Becker [Doering time-dep. w7
" Mudleus composition: ortho-equilibrium - Calc...
Clemm-Fisher model -
Mucleation constant: 1.0
Incubation time constant: 1.0

n ee d s to b e a CtivatEd ! Minimum nudeation radius [m] 0.358-9

[ ] account for coherent misfit stress i i i jon
take into account shape factor account for gb [ disl, line energy

[ ] account for excess va contribution [ ] nudeate only with valid major constituents

[ ] restrict nudeation to prec domain

Create ... Remowve

Help Cancel QK

Clemm P.J., Fisher J.C., Acta Metall. 3 (1955) 70-73
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Interfacial energy model

Riilly 8 Aiclaratinne = ctandarAd |n+ar'Fnr;ar]ergy evaluat|on

-4 Phase status ...

Phases ... General | Constraints | Predpitate | Mudeation | Structure | Spedal

e e — > Clemm-Fisher model

ECEMENTITE_PD :

Mudeation model Becker/Doering time-dep, -

Mucleus composition: ortho-equilibrium - Calc...

Mudeation constant: 1.0 H ]/AA
Incubation time constant: 1.0 C 0 S

Minimum nuceation radius [m] 0,35e-9 2 )/AB

[ ] account for coherent misfitstress || ignore misfit stress during deformation

take into account shape factor I account for gb [ disl, line energy I b
[ ] account for excess va contribution || nudeate only with valid major constituents a’) ) C

[ ] restrict nudeation to prec domain

_ (bYap — avaa)
V/36mc?

Create ... Remove F

Help Cancel QK

55) 70-73
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Precipitate growth & coarsening

Difference in diffusion fields

Modelling Simul. Mater. Sci. Eng. 18 (2010) 01501 1 E Kozeschnik er al

Figure 1. Schematic precipitate distributions and diffusion fields (shaded areas) for random
precipitation (left) and heterogeneous precipitation at grain boundaries (right) in 2D.
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Precipitate growth & coarsening

Difference in diffusion fields = modification of radius evolution
equations derived from thermodynamic extremum principle

0.03
R=1um
100
0.025
KT Tam 1000
0.02
=
i-: Random ~
g 0.015 distribution =
s @
E -_E 10
0.01 1000 ez
"-—-—- Random
0.005 distribution
01 0° 102 10 10° 103 1010 1012 ] ) : 5
. 109 104 104 106 108 1010 1012
(a) I'ime, au (b) Time, au

Kozeschnik et al., Modelling Simul. Mater. Sci. Eng. 18 (2010) 015011
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Precipitate growth & coarsening

Difference in diffusion fields = modification of radius evolution
equations derived from thermodynamic extremum principle

L5 b5t

- 43 — 43

c - - -

= 3 2 32

O = Q -

2 2= g 2=

B 4 alloy 1 R alloy 2

£ 3 T=927°C 2 3 T=982°C

Ei) | 1O | » < 0 — I l | I
10° 10" 102 10° 10* 10° 10° 10° 10" 10%2 10° 10* 10° 10°

time /s time /s

Precipitation of AIN at austenite at grain boundaries

Kozeschnik et al., Modelling Simul. Mater. Sci. Eng. 18 (2010) 015011
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Precipitate growth & coarsening

Diffe
eq

NOTE:

- The grain boundary diffusion field model is automatically used when
“grain boundary” is selected as the nucleation site
This model is relevant for the system with large grain size and small
precipitate phase fractions.
In other cases, use the random diffusion field model = select other

nucleation sites (e.g. “dislocations”) and adjust the available number of

the nucleation sites using the “nucleation site efficiency”

Kozeschnik et al., Modelling Simul. Mater. Sci. Eng. 18 (2010) 015011
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Nucleation on the precipitate surface

H Phase status ... ?

Phases ... General Constraints Predpitate Mudeation Structure Special
FCC_A1
- Site
FCC_AT#01 General | Sites
FCC_Al1202
FCC A1201 PO [ bulk (homogeneous) other predpitates
EFCC_AT#02_PD : [] dislocations FCC_A1201 PO —
[] grain boundary {diff. geom. )
[] grain boundary edge Remove
rain boundary corner =
Lo Y (®) nudeate at precipitate surface
[] subgrain boundary
() equiv, intf, energy 0.0
[] subarain boundary edge
() transform. radius min.  3.0e-2
[ ] subgrain boundary corner :
max. 5.0e-9
diffusion geometry: random
distribution nherit parent como.
Mucleation site effidency | 1.0
Create ... Remove

Page = 22
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Nucleation on the precipitate surface

Available nucleation sites = atoms on the surface of the parent phase

2/3
N A NA N 2 N; - Number of precipitates in class ,j“
= 417 | — T
rec,sur : s : .
p f [/;n :Z J'J 1; - Radius of precipitates in class ,,j

class

Parent phase is not modified by the nucleation of the new phase
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Nucleation within the precipitate

tH Phase status ... ?

¥

Phases ... General Constraints Predpitate Mucleation Structure Special
FCC_A1
- Sites
FCC_A1#01 General
FCC_A1=02
FCC A1201 PO [ ] bulk (homogeneous) other predpitates
FCC_AT1Z02_POD [ ] dislocations FCC_ATZ01_PO Add
[] grain boundary {diff. geom.!)
[ grain boundary edage Remove
rain boundary corner —
[a Y () nudleate at predpitate surface
[ ] subgrain boundary -
I (@ equiv. intf, energy 0.15 I
[ ] subgrain boundary edge -
() transform. radius min.  3.0e-9
[ ] subgrain boundary corner - :
max. 5.0e-9
diffusion geometry: random :
distribution nherit parent como.
Mudleation site efficdency | 1.0
Create ... Remowe

Page = 24
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Nucleation within the precipitate

Available nucleation sites = atoms on the surface of the parent phase (as

in the previous case)

Nucleation = Anew > dparent dnucl,new = dpew — dparent

dnew - Driving force of the new phase _ o
Anuctnew - Nucleation driving force of the new phase
dparent - Driving force of the parent phase

Interfacial energy defined by user, critical radius from parent prec.

Parent phase transforms gradually into the new one
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Transformation of the precipitate

- 2
b1 Phase status ... :
Phases ... General Constraints Predpitate Mudeation Structure Special
FCC_A1
. Sites
FCC_AT#01 General
FCC_Aat1=#02
FCC A1201 PO [ bulk (homegeneous) other predpitates
FCC_A1202 PO [] dislocations FCC_A1201 PO add
[] grain boundary {diff. geom.!)
[ ] grain boundary edge Remave
[ grain boundary corner
() nudeate at precipitate surface
[] subgrain boundary
(_) equiv. intf, energy 0.15
[] subarain boundary edge -
@ transform. radiusl min. | 3.0e-9
[] subgrain boundary corner I - =
max. |5,0e-9
diffusion geometry: random =
distribution [ inherit parent comp.
Mudeation site effidency | 1.0
Create ... Remaove

Page = 26
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Transformation of the precipitate

Jransformation towards” rather than ,nucleation of” the new precipitate
Transformation condition: dyew > dparent » Anucinew = Anew — Aparent

New precipitate size taken from the parent phase

Initial precipitate composition might be taken from the parent phase



Transformation of the precipitate

Parent phase transforms gradually into the new one

transformation probability

1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

no transformation

immediate transformation

transformation radius / nm

MatCalc
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Parent phase transforms gradua':

transformation probability

Transformation of the precipitate

1.1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

no transformation

immediate transformation

2 3 4 5 6

transformation radius / nm

Phases ...

FCC_A1
FCC_AT#M
FCC_A1#02
FCC_A1201_PO
FCC_A1202_P0

Create ... Remove

Help

Phase status ...

General Constraints Precipitate

General Sites

[ bulk (homegeneous)

[] dislocations

[] grain boundary {diff. geom.!)
[ ] grain boundary edge

[ grain boundary corner

[] subgrain boundary

[] subarain boundary edge

[] subgrain boundary corner

diffusion geometry: random
distribution

Mucleation Structure

other predpitates

FCC_A1#01_PO

MatCalc

Engineering

Special

() nudeate at predpitate surface

() equiv. intf. energy

ig

1J

Add ...

Remowve

(@) transform. radiusl min, | 3.0e-9

I max. | 5.0e-9

[ inherit parent comp.

Mudeation site effidency

1.0

Cancel



Direct particle transformation

Phases ...
For the two last cases: eCAteor
FCC_A1202
(nucleation within and FCC_A1201_PO

FCC_A1#02_PO

transformation of the precipitate)

Change the nucleation
model to ,direct particle
transformation”!

Create ...

Help

Remove

Phase status ...

General Constraints Predpitate

General Sites

MatCalc

Engineering

Mudeation Structure Spedal

I Mucleation model

direct particle transformation

Mudeus compoesition:
Mucleation constant:
Incubation time constant:

Minimum nudeation radius [m]

[ ] account for coherent misfitstress || ignore misfit stress during deformation

ortho-equilibrium -
1.0
1.0

0.35e-9

[ ] account for gb / disl, line energy

Calc. ..

[ ] account for excess va contribution || nudeate only with valid major constituents

[ ] restrict nudeation to prec domain

Cancel

OK
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